
GL-TR-90-0 166

planet. Space. Scr. Vol, M. No 5.p 653-66(.9 0020639 S3 00.0
Pimnted in Great Blriain Pciamo -. '.. 19003-630S rO

OTIC Fi LE COPY
RAM-WAKE MEASUREMENTS OBTAINED FROM THE

IONOSPHERIC SOUNDING ROCKET MAIMIK ic

K. RI. SVENES, J1. TRtOIM and it. N. MAEIILLhI 0 1 1
PN4 Norvegian Defence Research Institue P.O. Box 25,1-2007, Kjller. Norway ' "E LE CTEt

M.l PRtI n.RICHnia nxriy(ia.Ih~das 2 JULO 6.0 Department of Comnniiations and N M.~ P~~tropg ti.Tcnd nestGrzhifl-ae12
S0l0 Gritz, Austria

K. M.. TORKAR

NM Institute for Spauc Research, Austrian Acdnof Sciences, hiffeldgasse 12. 8010 Graz. Austria

N G. 10AGE
Sv%%dish Institute of Space. Physics, Uppsala Division. S-755 90 Uppsa!a. S%%edenl

W I. F. ' ENIG
S Space Physics Division. Geophysics% Laboratory (AFSC). I lanscom AFB, MA 01731-5000,

U.S.A.

(Received 2 JanuarY 1990)

Abstract-- Results of plasmia measurements from the ionospheric sounding rocket 11,1IM MKare reported.
Data obtained bN high-resolution plasima probes sho%% distumt '%lassical" xxake signatures during the entire
flight. That is. the electron temperature %%as enhanced "'behind"' the rocket in at region where both thle
electron and ion density were %%ell bcekn% the ambient %alizes. In addition, electron temperature enhance-
ments Nxxealso detected ithe rain ("lor6xard")d(lrection on tliedo%%nlc1. Thie mneatsuremienitsare presentied
and discuszsed in relation to thec prexailing ionospheric conditions.

1. IN'rRODUCriON (1986). Later on., during the Spacclab-2 mission inl
1985, similar measurements were carried ouit both

For a considerable time it has beeii recognized that a from thie cargo bay and fromt thie free flying Plasmla
region of depleted plasma densit\ \% ill e\ist behind a IDiagnostit. Package The resuilts obtaied fromn these
vehicle travelling through.I space, The existence of this exIperiments have been reported by e.g. Raitt ei al.
region. called the wake, has alread been established (1987), Mutrphxi et a. (1989) and Tribble elia!. (1989).
e'xpenrientallN fromn measuirements obtained duringe Su'd ch metcnts have led to the formulation of'
such eoipjarati~c el arly space flights as those of models describing thie plasma both analytically (e.g.
Gemiiqcgna I( Oand I I (Mvedved. 1969) and E.Nplorr Samir and Wilmore, 1965, Gtirevich el a!., 1969,
31 (Samir and Wrenni. 1969). Since thenl several \Vhipll el a!., 1974) and numerically (e.g. Parker.

-measurements hame also indicated that thie electron 1977. Samir and Fonitiim, 1981 ; Katz et at., 1984).
tempera Iture in the wxake region is higher than in thie All of these authors used thle notion of expansion of
stirrounding plasma (see e..g. Samir and Wrenn. 1972. plasmia into \acum to model thle partiele (listribti-
Troy' ei at.. 1975). tions in thie wake region. Thle ion (leletion behitnd

Since the arrixal ofl(the S'ac Shuttle. which due to the v'ehicle is thereby due to thie fact that thie spacecraft
its large size lprodtices a trutch more pronotmced xxake, usuially travel \%ith) \elowtics highei than thle thermal
eveni more detailed measurements have been carried speed of' the ions. Thus, these are not able to fill inl
ouit Distributions of ions and electrons along uxith behind thie Nehicle before some finite time after its
electron temperatures have been obtained by measure- passage.
ments from the open cargo bay and thie Remote The electrons onl the other hand have much highier
Manipulator System duritng the Spat eia!'- I mnission in thermal sp~eeds, but dtie to thie charge imbalance
1982 These resuilts have been reported by e.g. Siskind created by the lack of ions thie electrons will not be
et al. (1984), Mturphy et al. (1986) and lngsoy ei a!. able to instantaneoisly ill inl behind the vehicle eithecr.
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Thereby an electron density depletion is created in the ments from a region of the ionosphere w hich has not
wake region as well. In order to explain the enhanced been artificially disturbed.
electron temperatures detected in the wake several In this paper only data from the three plasma
mechanisms have been proposed. Samir and Wrenn probes and the electric field probes are utilized. To
(1972), Troy et al. (1975) and Stone (1981) have minimize the interference on the measurements
suggested that selecti~e effects due to potential wells from the plasma sheath surrounding the '*mother"-
near the .chicle, plasma instabilities and'or turbu- %ehicle, the three plasma probes were all mounted on
lence in the wake region are causing these tempera- 80 cm long booms at the "top" end of the payload.
ture enhancements, xhile others have proposed adia- The probes were deployed after 60 s at 82 km, and
batic compression (Murphy ei a., 1986) or inter- they appeared to function properly during the whole
action between counterstreaming electrons (Singh et flight. The clec' c field booms were gradually de-
aL, 1987) as the mechanisms causing the temperature ployed between 70 and 110 s time of flight, and thcy

increase. This issue still remains open though. too performed flawlessly during the whole flight. A
The considerations mentioned aboxe are all quite short description of these instruments is gixen below%.

general. and accordingly wake phenomena should Howexcr, first a note on the spin rate of the rocket.
also haxe been obser% ed in connection with rocket The "nother"-payload %as despun after 68 s time of
flights. Hoveier. only a few\ such obserxations haxe flight, and the spin rate was then constant during the
been reported. Berthelierand Sturges (1967). Kluca liole period under consideration here. This spin rate
(1973). Bering (1983) and Gupta (1988) have all amounted to 0.30 r.p.s., corresponding to 9 is per
reported phenomena which could be attributed to degree of turning. This should be kept in mind when
xwakc effct without actually measuring the particle comiparingthedifferent timeresolhttonsofthe arious
distributions around the rocket. In addition, Svenes instruments.
ct a. (1990) reported interactions between auroral The electron temperature probe, later referred to as
beams and the wake region of the rocket. Howexer, the ETP. basically measured the electron part of the
the time resolution of these measurements %as rather current towards the payload. It consisted of a spheri-
low . Thus, the present study is to the authors' knov,- cal grid 5 cm in diameter surrounding a collector with
edge the first in w hich the particle distributions a bias of + 10 V with respect to the rocket ground.
around an ionospheric sounding rocket have been The amplifiem was logarithmic, enabling current
measured with sufficient resolution to definitely estab- measurements from 10 "o to 10 ' A. using an 8-bit
lish the existence of a wake region. resolution limited by the telemetry. In an effort to

obtain a tniform surface contact potential the whole
2. )ESCRI PTION 0F T IIB INSTRUNI.Nrs probe was also coated with a highly conductive paint.

During operation the outer grid of the probe was
The MAIMIK-rocket, which .arried a payload of continuously changed or "swept" in potential. Each

the "mother daughter" type. was launched from the "sweep" was aimed at obtaining an integrated elec-
Andoya rocket range in the northern part of Noxva. tron spectrum. This as done by stepping the poten-
on 10 November 1985 at 18:56 U.T. It was equipped tial of the grid ilative to the payload from - 1.9 to
with an accelerator emitting 8 keV electrons at cur- +4.9 V and back. A "sweep" was carried out in
rents up to 800 mA, and several plasma instruments 13.1 ins and consisted of 128 potential steps (both
designed to monitor the effects of the beam with a "up" and "down"). Hence, the time resolution of the
vei) high time resolution. A detailed description of measurements %was 13.1 is while the cotresponding
the experiment is given in Machlumi et aL (1987). and angular resolution was less than 2. "
in Fig. I a sketch of the experiment configuration is Fi om this kind of measurement it is possible to
displayed. obtain the Boltzmann distribution of the electron

Here, we Ni1l concentrate upon the measurements population. Hence, both the electron density and temn-
carried out from the passie "mother"-payload later perature could be obtained Nwith a time resolution of
than about 150 s time of flight. The results obtained 13.1 ins. In addition, it vas also possible to estimate
prior to this ha,,e been described in prexious articles the potential of the payload relative to the ambient
(see Svenes and Troim, 1987, Machlum el a.. 1988, plasma with the same resolution. The details of this
Senes et al, 1988, Maehltin i al., 1989). l)uc to the procedure are described by Svenes and Troim (1987).
relative speed between the two payloads the "mother" The ion part of the current was measured by the
was no longer influenced by the disturbances created ion probe, later referred to as the IP. This is a de-
by the accelerator on the "datighter"after this point, probe consisting of a solid spherical collector, 4 cm in
Thus, the results presented here represent measure- diameter, with a bias of -2 V with respect to the



Ram-wake mcasurcments from rocket 655

FLIGHT MAIMIK
DIRECTION DAUGHTER7 ACCELERATOR

PAYLOAD ROCKET

RETURN ELECTRON
CURRENT

' -'  - -- BEAM
MONITOR

CHANNELS/ MNT
RPA / 1 HF

TRANS- TETE MAGNETIC
4 CHANNELSI MISSION FIELD VECTOR
PHOTOMETER TV

.,CAMERA ELECTRON
CAPACITANCE iTEMPERATURE
PROBE ,PROBEK - /

ION -
PROBE DISTANCE

MONITOR

FAST
kPARTICLE

'MOTHER' SPECTROMETER
PAYLOAD

E -FIELD

BOOMS

FIG. 1. AN ARTIST*S CONCEPTION OF TIlE AAIaIK GEOMEiRY

rocket ground. For reference purposes the probe was with a very high resolution in time and frequency.
also "swept" in potential a few times during the flight. Variations in the capacitance (or frequency) are partly
In addition there was also an ac part of the probe, but due to changes in the electron density or the electron
these data will not be utilized in the present context. temperature, and partly due to changes in the poten-

A logarithmic amplifier made current measure- tial of the payload. For a description of the details of
ments possible in the range from 10 " to 10 -' A, the theory concerning this kind of fixed frequency
again using an 8-bit resolution. The probe enabled impedance probe, seec.g. Balmain (1966) or Jacobsen
sampling with a time resolution of 1.6 ms for these (1972). The pi obe had a temporal resolution of 0.4 ins
measurements. Hence, the corresponding angular res- again corresponding to an angular resolution well
oltion was imuch less than I . below I . The data are displayed as the square of the "

The capacitance probe, later referred to as the CAP, deviation from the capacitance of free space.
basically measured the capacitance of a sphere xs the For the E-field measurements the double floating
surrounding i)lasma. The probe i as separated from probe technique was utilized. This technique depends 0
the plasma by a sheath whose thickness is assumed on deploying symmetrical sensors sonie distance away [
to be 5-8 Debye-lengths. It can be shown that the from the vehicle, and measuring the potential differ- _ _

capacitance of the probe is a measure of the square ence between the probes and the vehicle. By sub-
root of the ratio of the electron density to the electron tracting for the vehicle potential and the v x B-effect,
temperature, see e.g. Balmain (1966) or Jacobsen the -vector electric field is arrived at. More detailed
(1972). discussions of this technique may be found in ]

The capacitance of the sphere, which is 4.2 cli in Maynard (1972) and references therein. 7 Codes
diameter, forms part of an LC-oscillator operating During the flight of MAIMIK two stainless steel
near I MHz. The oscillator frequency was measured booms were mounted at +45 tU the imaii rocket nd/o

all
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axis. These rigid booms had a nominal double probe rocket. This is shown in more detail in Fig. 3. These
separat',,il distance of 5.7 m. The third boom. measurements were obtained during a single spin
mounted orthogonally to the rocket in the spin plane, period at an altitude of about 340 kin on the tpleg.
had a probe separation length of 8.8 m and was fab- The spin period has been established from measure-
ricated from beryllium-copper. The inner portion of ments by the oa board magnetometer and gyro.
each boom was covered by an insulating layer of kap- During the part of the flight under consideration
ton except at the tips. Thus. only the outer 0.6 in of here, the spin period did not depart significantly
the booms was conducting. from 3.3 s.

The potential of each sensor was referenced to the In the figure the electron temperature is displayed
rocket body through a preamplifier input of 102 .Q. in the upper part. while the electron density is plotted
During the flight time the sensitivity of the vector in the lower part. Both parameters are plotted as
instrument ranged from 2 mV in - to more than ftnctions of the relative azimuth between the velocity
I V in - ' The maximum sampling frequency was vector of the rocket and the direction vector of the
2.4 kHz, corresponding to an angular resolution of ETP. Thus, the centre of the wake is at 180 and the
about 0.5 . rain direction is at 0 (or 3601.

3. It is seen that the density in the mid-wake position
decreased to about half the ambient value, from just

In this section a description is given of the complete below I - 10' in - ' to about 4 10' in '. At the same
set of measurements, obtained by the ETP. above an time the electron temperature increased by almost a
altitude of approx. 250 kin on the upleg and 120 kin factor of three, from somewhat below 1000 to about
on the dowtnleg. These measurements enabled us, as 2700 K. These factors represent maximum values
previously explained, to estimate the electron density from the flight, and differences could amount to as
and temperature along the trajectory. Thus, the little as 20% both in temperature and density at other
behaviour of the electron population surrounding tie times. This is much smaller than the ratios measured
rocket at any time could be continuously monitored, on board satellites (Samnir and Fonthemn, 198 1) or the

The measurements are displayed in Fig. 2, which is Space Shuttle (Ingsoy ei al., 1986 and Murphy et aL.
divided into four parts. In the upper half the electron 1986). However, that is entirely as expected since the
temperature measurements arc shown with the upleg diameter of MAIIK was only 40 cm which is much
results on the left and the downleg to the right. The smaller than the dimension of the Space Shuttle and
lower part contains the electron density measure- even that of satellites.
ments, again with upleg results to the left and downleg The extent of the disturbed region was fairly
to the right Note also that the altitude is plotted along constant during the entire flight. Typically it covered
the vertical axis. an angle of about 180 , as seen in both Figs 3 and 4.

It should be mentioned here that MAlMIKcarried In Fig. 4 the electron density distribution around the
an active experiment which influenced significantly rocket is shown in the upper part and the ion dis-
the measurements below about 250 kin on the upleg. tribution in the lower part. Even though the ion
However, these measurements have been presented depletion was much less than for electrons, only about
previously by Svenes et aL (1988), and will not be 20%, the ion wake had the same angular extension.
discussed further here. This means that the region of disturbance created

Thus, looking at data from above 250 kin on the by the rocket was far broader than the geometrical
tipleg and the entire downleg, it is seen that the dcec- wake region. That is, the wake region extended past
tron temlerature was about twice as high near apogee the region which was in the "shadow" of the rocket
as below 200 km. This is in accordance with previous body relative to the velocity vector. It may be specu-
experience which shows that F-layer electron ten- lated upon whether this could be connected to the
peratures are generally higher than in the E-layer (see plasma flow about the rocket body, but so far this
e.g. Munningholf, 1979). question in reality remains open.

As for the density measurements, it is seen that the
electron density in general was somewhat higher on4
the downleg than on the upleg. This was especially This section contains a more detailed description
apparent in the measurements carried out in the E- of plasma measurements obtained during the latter
layer. This matter will be elaborated later on in the half of the MAIMIK flight. It comprises results
text. from the electron temperature probe (ETP), the

The regular oscillations appearing in the data set capacitance probe (CAP) and the electric field probes
throughout the flight were due to the spin of the (E-field).
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FIG. 2 ELI(TRON TUNIPERA URL AND DENSIFY MIASUREMENiS FROi Tiill MAIMIK ILIGiiT.
The tipper part contain,; temperature measurements while the lo\,er part contains density measurements.
The left-hand side of the figure contains the results from the upleg while the do\%nleg results are displayed

to the right.

4.1. E-field in the latter half of this data set was the increase
The E-field data are displayed in Fig. 5. For pur- in the Nortl-South component of the electric field,

poses of analysis these are piesented in the form of occurring somehat after the tpogee passage. This

5 s sliding averages, covering the period of some SO- component then increased from zero at 340 s to
520 s time of flight. This is equivalent to an altitude about 25 mV in at 380 s. The corresponding alti-
interval of about 127 kin on the upleg to 204 km tude decrease was from about 379 to 365 ki. In this
on the downleg. The measurements halac been trans- period the rocket also increased its range by roughly
ferred to a geomagnetic frame of reference. That is, 22 ki.
the x-component corresponds to the North -South From then on and until the end of the data set the
(N,,S) direction, the *-component to the East West rocket measured a steady electric field of about 25 mV
(E'W) direction and the :-component to the down-up In directed almost exactly northwards. Dui ng this
(D/U) direction, period the altitude decreased to about 200 km and the

It is clearly seen that the most conspicuous feature range was increased by neat ly 80 kin. Such stable large
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FIG. 3. Tin. ELECTRON TFMIPRATURE AND DENSITY, AT AN ALTITUDI OF ABOUT 340 kill. AS A IUNCl ION 0)F
TI IF SPiN ANGLE.

The upper part shows the electron temperature as a function of the angle between the direction of the
velocity vector and the direction vector of the probe. The lower part shows the corresponding electron

density measurements.

scale fields are usually associated with theauroral oval 4.2. ETP
and thus it suggests that the rocket entered an aurora As mentioned previously the ETP measurements
in the de&sLending part of the trajectory, although due showed significantly enhanced electron temperatures
to poor visibility no auroral features could actually in the wake region of the rocket during the whole
be seen from the ground. flight. In the latter half of the flight there was also a
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In the upper part the electron density is displayed while (he corresponding ion current is shown in the
lower part.

period during which an additional electron tern- measurements was seen at all.
perature enhancement was observed in the rain direc- In Fig. 6 this development is illustrated by electron
,ion. That period lasted from about 380 to 520 s. This measurements carried out at three different points
was preceded by a transitional period, which lasted along the path. Here, the temperatture data are plotted
for about 30 s, during which no clear trend in the as a function of the difference in azimuth angle



660 K. R. Svi' as ei aL

?M.AIK - BACKGROUND ELECTR:C rtELD - 5-SECOND SUDUG AVERAGE

-22

0~~~. ..........~~---
C.EUANE-C E

0 __Wno______4W __Soo

-2-

- ...... . . I ( G i6 : . . .. . . . . . . . . . .

o lea0 30 40 o 600
liME OF FUGHT (SECONDS)

;1;. 5. BACKGR~OU NiD LLrCTRIC 1I-1LD MIASUREmINTS I-RO\! MAIMIK.
The measurements are displa~ed as 5-s sliding aerages. and they represent the geomagnetic c-component
(top). the geomagnetic y-component (second from top). the geonagnetic :-component (third from top)

and the total magnitude of the field (bottom).

bet .een the \clocity vector and the probe vector. It should be mentioned that no significant change
Thus. 0 is the ram direction of the rocket and 180 is in the extremal values of density or temperature, en-
the mid-wake position. Positive angular increments countered during a spin period, seemed to accompany
are in the opposite direction to the spin. these ram enhancements. Also, note that the narrow

The tipper part of the figure shows measurements regions around the lowest temperature measurements
obtained close to apogee. It is clearly seen that the carried out during a spin period usually covered only
electron temperature reached a maximum in the mid- about 10 -20 . If this is taken to represent the electron
wake region. In the middle part of the figure measure- temperature of the ambient ionosphere, it means that
ments from an altitude ofabout 370 km are presented. most of the plasma surrounding the rocket was sig-
This is inside the transitional period, from roughly nificantly modified during this part of the flight.
350 to 380 s, as mentioned above. It is seen that the 4.3. CAIP
temperature measurements then were fairly unstruc- The above-mentioned ram effect was also detected
lured during the whole spin period. This indicates that by the CAP. Figure 7 shows the response of the CAP
a region of severe plasma disturbance was transversed at an altitude of 333 kin. The parameter employed as
during the descent. the ordinate is here the square of the deviation from

The lower part of the figure shows measurements the free space capacitance. This unit is proportional
obtained at an altitude of about 280 ki. Here, the to the electron density and inversely proportional to
mid-wake electron temperature enhancement is the electron temperature. In addition the potential
flanked at both sides by an additional secondary of the rocket body may influence this unit, btit in
enhancement. The partition of this enhancement in the case of MIIMIK the charging of the payload
the figure is of course only a result of the method of remained constant dui ing a spin period.
plotting. As is readily seen, this broad region typically From the figure it is seen that the CAP response
covered almost the whole of the ram direction, This decreased most significantly in the wake direction.
feature was observed regularly during the period 380- This was probably due to a combination of low dcc-
520 s. tron density and high temperature. In the ram direc-
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;ion there was a secondary smaller decrease which was
due only to the increased electron temperature here.
Such an interpretation is entirely in accordance with
the measurements of the ETP in the same region (see1 lower part of Fig. 6).

',11 __,__ This double peak nature of the CAP response dur-
0 ing a spin period persevered for the whole of tile

, period between about 300 and 500 s time of flight.
,..-.,t., I__Thus, the CAP also made different measurements on

the downleg than on the upleg during about the same
period as the ETP and the E-field probes. The slight
discrepancy in lime involved here was probably due,o 90= ,m 2A 3 to some differences in the sensitivity ef the various
probes.

5. DISCUSSION AND CONCLUSION

As stated previously all the plasma probes on
MAIMIK had a very high sampling rate. Since the

IME.,3 spin rate was rather low, this in turn meant that all
density and temperature measurements had an
angular resolution of about I . Due to this it was
possible to obtain a very good picture of the plasma
distribution around the rocket.

From these distributions it can be concluded that
1.S(.O ';'the classical signatures of a wake region were obtained

0 *o
throughout the entire flight. That is. both electron and

7ion density depletions were observed in a direction
7ntoi-parallel to tile velocity vector. In addition, the
electron temperature was significantly enhanced in
the same region. This is in accordance with previous

GO0Oo "OW 186.0m 270WO 360 ON experience both from satellite and laboratory
nmeasurements (see e.g. Samir ei al., 1986).

However, what are perhaps more surprising are the
results obtained during the downleg. Assuming that
the lowest electron temperature encountered during a
spin period is representative of the ambient plasma,
Fig. 6 shows that electron temperature enhancements
were then also observed in the ram region. These

temperature enhancements were actually seen, during
quite an extensive period of time, in data both from
the ETP and tile CAP. No corresponding density

E- ..... 01, enhancements were observed in either the electron or
I ' ion population.

Previously, enhanced electron temperatures in the

ram direction have been reported by Siskind el al.
(1984). Furthermore. (luring these measurements no
electron temperature enhancements were observed in

000+Wtie wake direction. These results were obtained during
0 Wt.***** "ON , 27 r, 360 OW the STS-3 mission in March 1982. The instrument

Y116. 0. ELLCTRON TUNMPIATURE! NLASURUILNTIS AS A IFUM - employed was an ac-sweeping Langmuir-probe which
TION OF SPIN ANGLE. was part of (ie Vehicle Charging And Potential

The electron temperature plotted as a function of the angle
between the velocity vector and the direction vector of the (VCAP) experinent. All reported measurements were

probe at an altitude of about 380 km (top), 370 km (middle) carried out while the entire experiment was placed on
and 280 km (bottom). a pallet in the payload bay of the Shtatle.
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omni-directional this geometric difference in itself
should not have been important.

On tie other hand there were clear indications of
07 " the rocket crossing tile southern border of the auroral

oval on the downleg. As seen from Fig. 5 a steady
u northward pointing electric field of about 25 mV

m--n was encountered after about 350 s time of flight.
This is an electric field which from previous experience
is quite typical of the auroral regions (see e.g.

OS Maynard. 1972).
In addition, measurements from EISCAT con-

firmed that significant particle precipitation also
A00 ,0 27 000 36i,000 occurred during this period (T. Hansen. private com-

Fi. 7. RESuLTS FROM T CAI' AT ,N ALTITUDE OF ABOUTI munication). Also, as seen from Fig. 2, the electron
333 km. density measured by the ETP on the downleg was sig-

The ordinate is the square of the deviation from the free nificantly higher than on the upleg. This was par-
space capacitance, and it is plotted as a function of the angle ticularly apparent in the E-layer. Unfortunately, the
betueen the velocity vector and the direction vector of theprobecloudy weather conditions which prevailed during- tile

flight prevented the use of pictures from the all-sky
camera as conclusive proof of the rocket crossing an
auroral arc. However, it seems that the indications

However. Murphy el al. (1986) also made obser- mentioned above are strong enough in themselves to
vations from the same Shuttle flight using a different impl) that the rocket actually entered the auroral
experiment. Although an ac-sweeping probe was zone on the downleg. The detection of the enhanced
employed in this case too, it was located in a different electron temperatures in the ram direction of the
place of the pallet as a part of the Plasma Diagnostic rocket thus seemed to be connected to this event.
Package (PDP). Furthermore, these measurements At present it is not yet clear how this might have
were carried out while the entire experiment was affected the measurements. It is stressed again though
attached to the Remote Manipulating S)stem (RMS) that these measurements %,ere obtained by two differ-
above the payload bay. The results from this experi- ent probes. Thus, there is reason to believe that the
ment showed that the electron temperature enhance- results reflected a real physical change of the electron
ments occurred in the wake region though. In population surrounding the rocket during this period.
addition, there were no observations of electron ten- An explanation of these measurements may therefore
perature enhancements in the rain direction. yield some interesting information on ionospheric

Even though these measurements were obtained in physics.
different locations they are still in opposition to each
other and therefore tile results remain controversial, 4nckonledgements- The authors are grateful to Dr T.
whereas in the case of Af,IMIK significant electron I lansen for supplying data from EISC.A Ton the ionospheric

conditions. We also appreciate the excellent work of the
temperature enhancements were observed in the wake integration crew headed by 0. Kristiansen.
region during the whole flight. Oil the downleg there
were in addition temperature enhancements observed REFERENCFS
in the ram direction. Thus, in this case both kinds ofobse vatons~~'rc nta ned ith thesam pr bes for Balmain, K. G. (1966) Impedance of a radio frequencyobservations were obtained w ith the sam e probes for p a m r b ih i b o pi es ra e aloS i ,1plasma probe with an absorptive surface. Radio Sci. I, !.
an extensive period of time. Bering, E. A. (1983) A sounding rocket observation of an

This period covered, as previously mentioned, most apparent wake generated parallel electric field. J. geophls.
of the descent through the F-layer. The experiment Res. 88, 961.
geometry was then of course different from the upleg Berthelier, J. J. and Sturges, D. J. (1967) Simultaneous

measurements of electron density and temperature in the
part of the flight. On the upleg tie direction vectors aurora zone. Planet. Space Sci. 15, 1049.
of the plasma probes were at laiie angles from the Gupta, S. P. (1988) Expansion of plasma in the wake region
magnetic field, whereas on the downleg the probes of moving rockets-evidence of enhanced electron tem-
became aligned much closer to the field lines. In perature. ,ldv. Space Res. 8, 225.
addition, the angle between the rocket main axisand Gurevich, A. V., Pitaevsky, L. P. and Sinirnova, V. V. (1969)

veocityn ct o wase allwee th ri is Ionospheric aerodynamics. Space Sci. Rev. 9, 805.
the velocity vector was increasing all through this lngsoy, P., Lebreton, J. P., Machhun, B. N. and Troim, J.
period. However, since all three plasma probes were (1986) Plasma energization in the Shuttle wake region



Ram-wake measurcments from rocket 663

during beami injection fromt Spacelab 1. Planet. Space Sci. Raitt, W. J.. Eccles. J. V., Thompson, D. C.. Bank5.
34,555. P. M.. Williamson, P. R. and Bush, R. 1. (1987) Plasma

Jacobsen. T. A. (1972) High latitude ionospheric studies b% parameters in the near,.%ake of the Span. Shuttle. Geqphis..
rocket measurements with emphasis on RF-capacitance Res. Lett. 14, 359.
probes. Internal report E-204. INDRE. Samnir, U. and Fontheim. E. G. (1981) Comparison oftheory

Katz, IL, Cooke, D. L., Mandell, NI. J.. Parks. D. E. and and in situt observations for electron and ion distributions
Rubin. A. G. (19S4) Three-dimensional wake model for in the near wake of the E.Yplorer 31 and AE-C satelliteb.
low earth orbit. J. Spacecraft 21. 125. planet. Space Sci. 29, 975.

Klyueva. N. M. (1973) Rocket measurements of electron Samnir. U.. Stone, N. H. and Wright. K. IIL. Jr. (1986) On
concentration and electron temperature in the polar iono- plasma disturbances , aused by the motion of the Spit,
sphere, in Space Research XI II. p. 1043. Akadenic Verlag. Shuttle and small satellites, a comparison of ain tuit ob~er-
Berlin. vations. J. geophvys. Res. 91,.277.

Machlum, B. N.. Denig. W. F.. Egecland. A. A. Friedrich, Samir. U. and XWilmore, A. P. (1965) The distribution of
NI.. Hansen. T., Hiolmngren, G., Mihseide. K.. Maynard. charge patce-ea oispacecraft. Planet. Space
N. C., Narhitn. B. T.. Svenes. K., Torkar. K.. Troiin. Sc. 13. 285.
J. and Winningham, J. D. (1987) tAhIIK- a high current Samir. U. amnd Wrenn. G. L. (1969) The dependence oft-harge
electron beami experiment on at sounding rocket from and potential distiibution around a spacecraft on ionic
Andoya rocket range. proceedings of the 8th ESAl situ- composition. planet. Space Sci. 17, 693.
posnian on European rocket ann balloon pro qrainnes and Samnir. U. and Wrenn. G. L. (1972) Experimental e~idence
related research. ESA SP-270. ofan electron temperature enhancement in the wake of an

Maehlum, B. N.. Denig. WV., Friedrich, M.. llolmngren. G. ionospheric satellite. plantte. Space Sci. 20. 899.
Maynard, N. C.. Svenes, K.. Torkar, K.. Troim, J. and Singh, N., Samir, U.. Stone, N. If. and Wright. K. IIL. Jr.
Burke. W. J. (1989) Plazama dmsttirbances observed in the (1987) A possible explanation of the electron temperature
vicinity of a highly chargespcvhil.u!.SaeR. enhancement in the wake of a satellite. J. geophvys. Res.
(in press). 92, 6100.

Nlaehlumn, B. N., Troiin. J., Nlavnard, N. C., Denig. W. F., Siskind. D. E.. Banks. P. M.. Ramtt. WV. J. and Williamson.
Fridrih, I. nd orkr. . N. (988 Stdie ofthe P. R. (1984) Interactions between the orbiting Space

electrical charging of the tethered electron accelerator Shuttle and the ionosphere. planet. Space Sci. 32. 881
1. nother-daughter" rocket .11!AIMIK. Geophys. Res. Lett. Stone, N. II. (1981) The aerodynamnics of bodies; in a rarefied
15.,725. ionized gas with applications to spacecraft environmental

Maynard. N. C. (1972) Electric fields in the ionosphere and dynamics. NASA Technical Paper 1933.
magntosher, inMqqeiopher-loospere iteactons Svenes. K. anl Troim, J. (1987) Preliminary resuilts from
magetophee, n MgneospereIonsphre nteactons the electron temperature probe on 11.4,11A IK. FF1;

(Edited by Folkestad. K.), p. 155. Universitetsflorlaget. APR-SI03
Oslo. Svenes, K.. Troim. J., Friedrich, M., Torkar. K. MI. and

Medved. D. B. (1969) Nleasimremients of ion wakes and body llolmgren, G. (1988) Ionospheric plasmia measurements
effects with the Gentini/Agena satellite. Rarefied Gas S~ti. fromn the accelerator rocket 11J4IMIK. planet. Space Sci.
1. 1525. 36. 1509.

Munninghoff, D. E. (1979) Ion and electron temperatures in Svenes. K., Troim, J.. Nlachlum. B3. N. and Wi'llmi. K.
the topside ionosphere. Aeronomy report 86, University (1990) Wake phenomena observed by an ionospheric
of Illinois. sounding rocket. planet. Space Sci. 38. 395.

Murphy, G,, D'Angelo. N.. Kurth. WV. S. and Pickett, J. Trribble, A. C., Pickett. J. S.. D*Anige~o, N. and Mfurphy.
(1986) Measurements of plasmna parameters in the 'Vicinit) G. B. (1989) Plasma density, temperature and turbulence
of the Space Shutitle. Planea Space Sc. 34. 993. in) the wake of the Shuttle Orbiter. Planet. Space Sci.

M~urphy, G. B., Reasoner, D, L.,Tribble, A., DAngelo. N.. 37, 1001.Jr.MiE..anSarU(97)leto
Picett J S.an Kuth W.S. 199) heplamawake Troy, B. ,J. acE ~n aiU 17)Eeto

of the Shuttle Orbiter. J. geoph vs. Res. 94, 6866. temperatures in the wake of an ionospheric satellite. J.
Parker, L. W,. (1977) Calculations of sheath and wake struc- geophkvs. Rex. 80, 993.

turcabouta pillbox-shaped spacecraft inaitflowingplasmta. WVhipple, E. C., WVarnock, J. I. and XWnckler, R. II. (1974)
Proc. Spat ecraft C'harging Teduiolog Conferen cc (Edited Effect of a satellite potential on direct density measure-
by Pike, C. P. and Lowell, R. R.), pp. 331 -366. AFGL- ments through the plasmiapause. J. geoph vs. RAx. 79. 179.
TR-77-OOS/NASA TMX-73537.



'WAIYIA$A T ION OFHIS PAGE " ,
REPORT DOCUMENTATION 

PAGE
Ia. REPORT SECURITY CLASSIFICATION lb. RESTRICTIVE MARKINGS
-UNCLASSIFIED
2a. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION /AVAILABILITY OF REPORT

2b. DECLASSIFICATION IDOWNGRADING SCHEDULE APPROVED FOR PUBLIC RELEASE
DISTRIBUTION UNLIMITED

4. PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S)

GL-TR-90-0166

6a. NAME OF PERFORMING ORGANIZATION 6b.-OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION
GEOPHYSICS LABORATORY (AFSC) (If applicable)

I PHG

6c. ADDRESS (City, State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code)

HANSCOM AFB .
MASSACHUSETTS 01731-5000

Ba. NAME OF FUNDINGISPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (If applicable)

8c. ADDRESS (City, State, and ZIP Code) 10 SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASK WORK UNIT
ELEMENT NO. NO. NO. ACCESSION NO.

62101F 7601 18 04
11. TITLE (Include Security Classification)

RAM-WAKE MEASUREMENTS OBTAINED FROM THE IONOSPHERIC SOUNDING ROCKET MAIMIK

12. PERSONAL AUTHOR(S)
K.R. Svenes, J. Triom, B.N. Maehlum, M. Friedrich, K.M. Torkar, G. Holmgren, W.F. Denig(Con t_

13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) IS. PAGE COUNT
REPRINT FROM TO 1990 JUNE 27 11

16. SUPPLEMENTARY NOTATION

Reprinted from "Planetary and Space Science, Vol. 38, No. 5, pp. 653-663, 1990"

17. COSATI CODES I 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP SUB-GROUP

SPACECRAFT PLASMA WAKES, SHEATHS

19. ABSTACT (Continue on reverse if necessary and identify by block number)

Results of plasma measurements from the ionospheric sounding rocket MAIMIK are reported.
Data obtained by high-resolution plasma probes show distinct w lassicalwake signatures
during the entire flight. That is, the electron temperature was enhanced "behind" the
rocket in a region where both the electron and ion density were well below the ambient
values. In addition, electron temperature enhancements were also detected in the ram
("forward'1_ direction on the downleg. The measurements are presented and discussed in
relation to the prevailing ionospheric conditions. . ,,

20. DISTRIBUTION /AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
[ UNCLASSIFIED/UNLIMITED 0 SAME AS RPT C3 DTIC USERS UNCLASSIFIED

22a. NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (Include Area Coode) 22c, OFFICE SYMBOL
WILLIAM F. DENIG (617) 377-2431 PHG
DD FORM 1473, 84 MAR 83 APR ed'tion may be used until exhausted. SECURITY CLASSIFICATION OF THIS PAGE

All other editions are obsolete. UNCLASSIFIED



12. (continued)

Svenes, K. R. Norwegian Defense Research Establishment, Kjeller, NORWAY

Maehlum, B. N. Norwegian Defense Research Establishment, Kjeller, NORWAY

Troim, J. Norwegian Defense Research Establishment, Kjeller, NORWAY
Denig, W. F. Geophysics Laboratory (AFSC), Hanscom AFB, MA 01731
Friedrich, M. Technical University, Graz, AUSTRIA
Torkar, K. M. Space Research Institute, Austrian Academy of Science, AUSTRIA
Holmgren, G. Swedish Insti-ute of Space Physics, Uppsala, SWEDEN

/


